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DOWN HOLE ROTARY DRILL 
I. GENERAL INTRODUCTION 
The Green River Formation at the Anvil Points Mine is a 
flatlying, sedimentary, marlstone containing beds rich in 
kerogen. The 73 foot thick l·!ahogany Ledge is the thickest 
mineable layer of kerogen-rich marIstone present in the Green 
River Formation at Anvil Points. The 14ahogany Ledge has an 
average Fischer Assay of 30 gallons per ton but is composed 
of alternating rich and lean beds. The upper part of the 73 
foot thick layer is mined by driving headings, and the lower 
part is mined by benching the floor of the headings. 
The benching operation is defined as the drilling and blasting 
of vertical or inclined holes that are drilled from the floor 
of the headings (tunnels). The vertical or inclined surface 
connecting the heading floor with the floor of the Mahogany 
Ledge is called the "bench". The bench is the most important 
free face that the benching blasts break to, the other free 
face being the heading floor. 
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II. SUI'~Y AND CONCLUSIONS 
Down holes for the benching operation are drilled with a 
Gardner-Denver ROC ll-A rotary drill. (See Figure 1). A 
telescoping drill pipe (Kelly) makes possible the drilling of 
44 foot deep holes from the 40 foot high headings. The 
power system of the ROC ll-A is similar to the power system of 
the heading drill (JED-l) with two variable displacement hydrau­
lic pumps providing power for tramming (traveling) and drilling. 
The telescoping Kelly consists of a steel-pipe outer member and 
an inner member composed of a splined steel shaft with rubber 
rings that grip the outer member ,<,hen activated. Thrust is 
transmitted through the rubber gripping rings, and torque to the 
bit is transmitted through the splined shaft to the outer 
member. The control of thrust, Kelly rotation, and track 
drives is good throughout the entire range of displacement
provided by the Dynapower pumps. Water requirements are low 
(0.15 gallon per foot of four inch hole) compared to those 
of the high face rotary drill. To improve the performance of 
the ROC ll-A, thrust capability should be increased to 20,000 
pounds. A friction lock should be provided to prevent the 
drill pipe from "leaking down" during tramming. The gripping
mechanism of the inner member of the telescoping Kelly has 
proven to be satisfactory for thrusts up to 12,000 pounds. 
An automatic RPM control, which would vary RPM according to 
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III. 	DETAILED DISCUSSION 
A. Introduction 
The benching operation at the Anvil Points riine employs 
35 foot high benches to mine the lower half of the Mahogany
Ledge. Vertical or inclined holes are drilled from the 
floor of the headings with a Gardner-Denver ROC ll-A rotary
down hole drill. The ROC ll-A is capable of drilling
holes 3 3/4 inches to 4 3/4 inches in diameter up to 44 
feet deep by means of a telescoping Kelly. A depth of 24 
feet can be drilled without extending the Kelly. The 
purpose of the telescoping Kelly is to permit the drilling
of a 35 foot bench in a 40 foot high room. The rotation 
rate can be varied from 0 to approximately 12,000 pounds. 
B. 	 The Electric-Hydraulic Power System 
The power system of the rotary down hole drill is similar 
to the electric-hydraulic power system of the high face 
heading jumbo. A 440-volt, 3 phase, 100 horsepower
electric motor drives two variable displacement New York 
Air Brake Dynapower pumps through a Funk gearbox. One 
Dynapower pump drives the left track of the drill or the 
feed 	motor, depending on whether the drill is being trammed 
or is drilling. The other Dynapower pump drives the right
track or the rotation of the drill steel. Both Dynapower 
pumps are capable of sustaining 4500 psi at any adjusted
displacement. A Dennison vane pump, which charges the 
two Dynapower pumps, prov~des pressure to the hydraulic
pistons which operate the stabilizing jacks and raise the 
mast. A small fixed-displacement pump works in parallel
with 	the feed pump for fine thrust control purposes. The 
feed 	motor, drill motor, left-track motor, and right-track 
motor, are all fixed displacement hydraulic motors which 
drive their respective loads through reduction mechanisms. 
C. 	 Telescoping Kelly 
The general principles of operation and design of the 
telescoping Kelly are shown in Figure 2. Briefly, the 
telescoping Kelly, which resembles an oil well packer,
consists of the following: 
1. 	 The outer member, which is a hollow 3 inch 0.0. steel 
cylinder about 24 feet long with a wall thickness of 
1/4 inch. 
2. 	 The inner member, which consists of a splined shaft 
with a hydraulic piston and numerous rubber rings
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The drag bit is attached to the outer member. Thrust is 
transmitted from the inner member through the rubber rings, 
which grip the outer member to the outer steel and the bit. 
Torque is transmitted through the splined shaft to the outer 
member by means of keyways near the top of the outer member. 
The rubber rings of the inner member are activated by 
a piston which compresses them. A hydraulic pipe extends 
down through the center of the splined shaft and provides 
pressure to the engaging piston. A check valve at the 
top of the Kelly prevents the pressure from "leaking off" 
the piston after it has been pressurized. Thus, by disen­
gaging the rubber rings, the Kelly can be extended to any 
desired position, and then the rubber rings can be engaged
in order to allow transmission of thrust to the bit. 
D. Control System 
To control and maintain the required displacement of the 
Dynapower pumps on ROC Il-A a set of cables and levers is 
provided. The hydraulic fluid from the Dynapower pumps 
is either transmitted to the track motors or the drill 
and feed motors, depending on whether the drill is tramming 
or drilling. A valve on the control panel determines 
where the power is transmitted. The high volume pumps and 
the shortness of the control levers proved to be the 
cause of a n touchy'; thrust control. For controlling the 
tracks or the drill motor, this system proved to be 
adequate. Ho\..rever, to improve the thrust control, a low 
volume fixed displacement pump was placed in parallel
with the feed pump. To collar a hole with this system,
the operator leaves the feed pump in the "neutral" position
and controls the small pump to transmit a small thrust to 
the bit. After the hole has been collared, the control 
lever is moved to cause the big pump to work with the 
small pump in providing the thrust to the bit. For 
retracting the steel rapidly from the hole, the large
feed pump is used. The control of the variable displace­
ment pumps on ROC Il-A is good in that all displacements 
of the pumps can be obtained between zero and full dis­
placement. There are no by-pass control valves that 
would cause a waste of energy as exist on the high face 
rotary drill jumbo. 
Control of the engagement or disengagement of the Kelly 
is accomplished by operating a four-way valve on the 
control panel which is on a line between the Kelly and the 
charge pump. If the Kelly is being engaged, the valve 
on the control panel is switched to It engage" and the 
mast control lever is operated in order to increase the 
pressure output of the charge pump_ The pressure from the 
charge pump causes a piston in the Kelly to extend, thus 
compressing the rubber gripping rings. When the Kelly is 
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disengaged, the valve on the control panel is switched to 
"disengage,iI and pressure is again applied to the system 
with the mast control lever, causing fluid to flow from 
the piston through the check valve into the reservoir. 
This act then relieves the pressure on the rubber rings
inside t~e Kelly. 
E. Operation 
The method of drilling a down hole is as follows: 
The drill is trammed to the desired position and the 
stabilizing jacks are extended. The mast is raised 
to the desired position, either vertical or inclined. 
The mast can be inclined to 5 degrees, 10 degrees, 
15 degrees, 20 degrees or 25 degrees from the vertical. 
Because the center of gravity of the drill is near 
the floor, the mast can remain upright when tramming 
from one hole to another. 
An external source of air must be provided to the 
down hole drill. The hole is collared at low 
rotation speed and low thrust. After collaring, the 
thrust is increased, and the rotation rate is main­
tained at about 100 RPM. The drill can be jacked
off the ground by the thrust of the feed without 
the Kelly slipping. The maximum amount of thrust 
that the ROC ll-A is capable of maintaining is 
nearly 12,000 pounds and is limited by the weight
of the machine. 
After the first 24 feet of the hole has been drilled, 
a special tool holds the outer member of the Kelly
in position ~:lhile it is being disengaged, and the 
inner member is retracted. After deactivating the 
Kelly, it is necessary to apply pressure to the 
feed motor in both directions in order to free the 
rubber gripping rings. Retracting the inner member 
lengthens the Kelly. When the desired length is 
reached, the feed is stopped and the Kelly is re­
engaged. The tool that holds the outer member in 
position is then released, and drilling resumes. 
Upon completing the hole, the reverse procedure is 
followed and the Kelly is pulled out of the hole. 
The drilling of that hole is then complete. 
F. Water and Air Systems and Requirements 
The drill cuttings are removed from the hole by a stream 
of air at 100 psi. Water mist is injected into the air 
stream to \-let the dust created by the bit. The water 
injection system includes a 30 gallon capacity tank, 
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control valves, and injection nozzle. The injection 
nozzle is located at a 90 degree elbow in the air line. 
water and air requirements are: 
1. 	 About 350 cfm of free air at 100 psig 
2. 	 About O.lS gallons of water per foot of four inch 
hole 
The ROC ll-A uses about one-fifth the amount of water 
for controlling dust as does JEO-l (the heading drill).
The chief reason appears to be that the ROC ll-A has a 
better water injection system. Turbulence at the 90 
degree elbow on the ROC ll-A probably nlixes the water 
thoroughly with the air, whereas on JED-l lack of tur­
bulence at the injection point causes the injected water 
to remain in large droplets. Another probable explanation 
for the lower water requirement of the ROC ll-A is that 
the injection nozzle produces a finer mist than t~e 
injection nozzle of JED-l. 
G. 	 Discussion of Design and Recommended Changes 
Penetration rates in the benching operation could be 
increased by increasing the thrust capability of the drill 
to about 20,000 pounds. The maximum thrust (~12,000 
pounds) capable by the ROC ll-A is limited, at present,
by the weight of the machine. The thrust capability can 
be increased by adding weights to the machine and/or by
moving the front jack farther away from the center of 
gravity of the drill assuming the rubber gripping rings 
can take this increase in thrust. Gardner-Denver presently
builds a similar telescoping Kelly for their RDC l6-A 
that is capable of transmitting 18,000 pounds thrust through
rubber gripping rings. Probably, the easiest method of 
increasing the thrust would be to build a stinger at the 
top of the mast for stinging the roof. For this method, 
a test period would be necessary to determine if the 
stinger would dislodge material from the roof, with detri ­
mental effects on the safety of the operator and the machine. 
Increasing the thrust capability of the drill would 
necessitate increasing the moment of inertia of the 
cross sectional area of the outer member of the tele­
scoping Kelly. The strength of the present 0.2S inch 
wall, 3 inch 0.0. outer member is adequate for 12,000 
pound thrust. For 20,000 pound thrust, a 3 1/4 inch 
0.0., 0.37 inch wall thickness outer member is recommended. 
The outer member of the telescoping Kelly of ROC ll-A was 
bent twice while tramming the drill. While tramming, the 
feed would I1leak" downward causing the bit to drag on the 
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ground surf.ce~ The bit would eventually lodge on an 
irregularity of the floor, and the outer member would 
bend. To prevent the feed from leakinq downward while 
tramming, it i8 recommended that a friction lock be 
provided. The friction lock could either lock on the 
outer member of the Kelly or lock the feed ·slide. 
The Kelly, when extended, has transmitted 12,000 pounds 
of thrust through the rubber gripping ri~s without slip­
ping. It was recommended by Gardner-Denver that, periodi­
cally, the Kelly be extended ana'cont.racted sev~al times 
using air in order to flush out the debris from the inner 
parts of the Kelly. A telescoping Kelly could easily be 
designed for higher thrusts by adding more rubber gripping
rings. The life of the rubber gripping rings is not 
known, but they have proved reliable for drilling more 
than 7000 feet. 
It i8 recommended that a suitable air compressor and 
larger water tank be fitted to a down hole drill in order 
to reduce time and effort of maintaining an external 
source of air and water. For the Anvil Points Project 
a standard machine without an air compressor was rented 
to keep capital costs to a minimum. 
As in the heading operation,' the oil shale of the bench is 
composed of alternating lean and rich beds. At present,
drill RPM is maintained near 100 in order to prevent dulling
of the bit when drilling through lean beds. Penetration 
rates could be improved significantly by providing an 
automatic RPM control. The control would be programed to 
change RPM with torque or depth, corresponding with the 
torque required to richness relationship. Thus, the lean 
shale could be drilled at slow rotation and rich shale 
at higher rotation. 
Refer to Discussion of Design and Recommended Changes,
Technical Memorandum No. 67-17 "High Face Rotary Drill 
Jumbo" for discussion of the electric-hydraulic power 
system. The control system on the ROC ll-A is adequate. 
.... , 	 ... 
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